IMPORTANCE Numerous factors are associated with the ability of patients with type 2 diabetes to achieve optimal glycemic control. However, many of these factors are not modifiable by quality improvement interventions. In contrast, the structure of how diabetes care is delivered, such as whether patients visit an endocrinologist or how prescriptions are filled, is potentially modifiable, yet its associations with glycemic control have not been rigorously evaluated.
Introduction
Recent advancements in treatments for type 2 diabetes have created new opportunities to better manage this highly prevalent chronic condition. 1 Poor glycemic control can lead to avoidable adverse events, including macrovascular and microvascular complications, hospitalizations, and even death. 2, 3 To achieve optimal glycemic control, health care must be delivered in ways that help patients to manage multiple aspects of their care, including adherence to treatment, lifestyle modifications, and regular monitoring. 4 This is particularly true for patients using insulin, who face unique challenges in maintaining glycemic control because of the added requirements of regular blood glucose testing, monitoring, and other perceived burdens of insulin administration. 5, 6 Numerous factors have been found to be associated with the ability of patients with type 2 diabetes to achieve glycemic control, including age, sex, or comorbid conditions. 2, 5, 6 However, many of these characteristics are not modifiable and thus cannot be addressed by efforts to improve diabetes outcomes. [7] [8] [9] [10] In contrast, the structure of how diabetes care is delivered, such as whether patients are treated by an endocrinologist or how prescriptions are filled, are potentially modifiable.
However, the association of these care delivery and patient behavior factors with diabetes control compared with nonmodifiable patient factors is not well described, particularly among patients with type 2 diabetes using basal insulin. 3, 9, 11 Therefore, the goal of this study was to examine the association of diabetes care delivery and patient behavior with adequate glycemic control in patients with type 2 diabetes using insulin.
Exploring the potential relative strength of associations of these factors with glycemic control compared with patient demographic or clinical factors could improve the ability to develop and target interventions for this highly relevant patient population, particularly from the lens of a health care organization using population-level data. 
Methods

Data Source and Patient Population
We used administrative claims data from Horizon, the largest health insurer in New Jersey, with more than 3.8 million beneficiaries. These Health Insurance Portability and Accountability Act-limited data include patient-level claims for medical inpatient and outpatient hospitalizations, procedures, office visits, emergency department visits, and outpatient pharmacy prescription drug claims. These data are also linked with patient enrollment data that include demographic information, such as age and sex, using a scrambled patient identifier, as well as detailed laboratory information, such as hemoglobin (HbA 1c ) test results, which are regularly collected by Horizon for quality improvement purposes. These data did not contain race/ethnicity or patient zip code data.
Our study population consisted of 6000 patients enrolled in the Targeted Adherence
Intervention to Reach Glycemic Control With Insulin Therapy for Patients With Diabetes
(TARGIT-Diabetes) pragmatic trial, 12, 13 which began enrollment in July 2016 and completed follow-up in October 2017. The parent TARGIT-Diabetes trial is registered with ClinicalTrials.gov. As previously described, 12 this trial evaluated the effect of 3 pharmacist-delivered interventions on insulin persistence and HbA 1c levels in patients with diabetes. Patients were included in the trial if they had type 2 diabetes (based on a diagnosis code for type 2 diabetes in administrative claims data or having filled a prescription for an oral hypoglycemic agent), had filled a prescription for basal insulin, were 18 years or older, and had their medical and prescription benefits administered by Horizon. 12, 13 By leveraging linked administrative claims data with clinical laboratory data within a population of patients with type 2 diabetes using insulin, these trial data provide the opportunity to examine the associations of patient factors with glycemic control.
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We used baseline (prerandomization) data from TARGIT-Diabetes to conduct this retrospective cohort study. We restricted the trial population to individuals with at least 1 HbA 1c value before randomization who were continuously enrolled in insurance benefits for at least 365 days prior to their latest HbA 1c test (hereafter, HbA 1c test date) and who filled a basal insulin prescription in the 180-to 365-day period before the HbA 1c test date, specifically detemir, glargine, lispro protamine, or NPH formulations. We used data from July 1, 2014, to October 5, 2016 (the end date of randomization for the parent trial), for this study.
Measurement of Factors
We used the peer-reviewed literature to identify numerous patient factors that have been hypothesized to be associated with diabetes control and that could be measured in routinely collected administrative claims data available to a health care organization, such as a payer. 1, 8, 10, 14 We 
Potentially Modifiable Factors
Drug therapy:
Use of rapid-acting insulin, type and use of oral medications, and type of basal insulin used
Patient behavior:
Insulin persistence and extent of using testing supplies Model of care and insurance structure:
Having visited an endocrinologist, primary care office visits, use of insulin listed on drug formulary, insulin copayment, and use of mail-order pharmacy service
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Potentially Modifiable Factors and Glycemic Control in Patients With Diabetes when an excessive gap in days supplied had occurred (ie, Ն60 days). 19, 20 Other diabetes care delivery factors included whether the patient had a visit with an endocrinologist, the number of primary care office visits, patient out-of-pocket copayments for basal insulin, whether the basal insulin was included in Horizon's drug formulary, and use of mail-order pharmacy services to fill insulin prescriptions.
Glycemic Control
Our outcome of interest was adequate glycemic control, defined as an HbA 1c level less than 8% (to convert to proportion of total hemoglobin, multiply by 0.01). This cutoff reflects the level that nearly all patients should minimally achieve based on guidelines from the American Diabetes Association, 1 the American Association of Clinical Endocrinologists, 21 and the American College of Physicians 22 and is the quality measure threshold that many major health insurers, including Healthcare Effectiveness Data and Information Set (HEDIS) measures, use as a minimum threshold for patients with diabetes.
If patients had multiple HbA 1c values in the prerandomization period, we selected the latest HbA 1c laboratory value prior to randomization for the glycemic control outcome.
Statistical Analysis
First, we examined the baseline characteristics of the patients in the cohort stratified by those with HbA 1c levels less than 8% compared with those with HbA 1c levels 8% or higher. We then used bivariate and multivariable modified Poisson regression to examine the independent associations between each of the patient characteristics and adequate glycemic control. 23 Modified Poisson models generate the estimated relative risks (RRs) with robust SEs and are considered appropriate when outcomes are common (ie, incidence Ն5%). 23 These models were adjusted for all of the measured baseline characteristics. We also explored the pairwise correlation coefficients among all regressors included in the models.
As secondary analyses, we used multivariable logistic regression modeling using subsets of factors to generate pseudo R 2 and C statistics. 24 We used these pseudo R 2 and C statistics to explore the extent of variation explained by nonmodifiable patient factors compared with the measured variation explained by potentially modifiable diabetes care delivery and patient behavior factors.
Finally, we conducted several subgroup analyses among patients by sex and age, stratified by the mean age of the sample. Specifically, we repeated the multivariable logistic regression modeling measuring the independent associations between each of the patient characteristics and adequate glycemic control in stratified models by sex subgroup. These findings could theoretically help further improve targeting of interventions aimed at addressing factors associated with diabetes care.
In sensitivity analyses, we used multivariable modified Poisson regression analysis with backward selection for variable selection. Using this method, we reevaluated the independent associations of variables included in the reduced model with adequate glycemic control as the outcome to evaluate the robustness of the original findings from the full model.
Statistical significance was determined using 2-sided tests with an α of 0.05. All analyses were conducted using SAS statistical software version 9.4 (SAS Institute). The study database became available on February 4, 2017, and analyses were conducted until November 13, 2018.
Results
Of 6000 patients in the parent TARGIT-Diabetes trial, 1423 patients met the inclusion criteria for this cohort study using their baseline data (eFigure in the Supplement); of these patients, 565 (39.7%)
were women, and the mean (SD) age was 56.4 (9.0) years. In total, 690 patients (48.5%) had adequate glycemic control, defined as an HbA 1c level less than 8%. The overall mean (SD) HbA 1c level was 8.4% (1.7%).
The baseline characteristics of the study cohort, stratified by glycemic control, are described in 
Discussion
In this cohort study of patients with type 2 diabetes using basal insulin, we evaluated the independent associations of nonmodifiable patient factors and potentially modifiable diabetes care delivery and patient behavioral factors with glycemic control. We found that the most notable factors appeared to be the nature of patients' interactions with the health care system and behaviors in the health care system. Specifically, insulin persistence, greater use of glucose self-testing supplies, receipt of prescriptions by mail order, and visiting an endocrinologist were the factors most strongly associated with adequate diabetes control.
The associations that we observed of the diabetes care factors with adequate glycemic control could be explained in several ways. First, several of the factors we explored, such as more frequent use of glucose self-testing supplies or regular use of insulin, may represent greater patient engagement with the health care system. Previous studies have also observed that more consistent medication-taking is associated with fewer diabetes-related adverse outcomes. [25] [26] [27] Other factors, such as endocrinologist involvement, use of mail-order pharmacy services, or use of basal insulin listed on the insurance drug formulary, may represent more collaborative or connected health care.
Other studies have also suggested that enhanced systems for care management and coordination can help patients to achieve glycemic control. [28] [29] [30] [31] In our study, glycemic control appeared to be most strongly associated with the factors related to how diabetes care was delivered and used, rather than the nonmodifiable clinical characteristics that are often considered in clinical practice. It is not possible from the study design to identify the specific reasons behind these observed associations, and other unmeasurable factors in these data, such as socioeconomic status, could be alternative explanations. Furthermore, while model explanatory power using these factors was modest (ie, pseudo R 2 and C statistics), our findings are level less than 8% (to convert to proportion of total hemoglobin, multiply by 0.01). in line with prior research in this area, and our overall objective was to identify some factors that may be relevant and measurable in routinely collected claims data. 32, 33 Of particular note, we also did not observe an association of adequate glycemic control with type of basal insulin that was used by patients. This finding is consistent with emerging data on the comparative effectiveness and safety of different basal insulins for type 2 diabetes. 34, 35 Two studies published in 2018 reported similar associations of different basal formulations with glucoselowering ability in real-world practice. 34, 35 The existing literature has mainly concentrated on patients with type 2 diabetes who do not use insulin and the extent to which nonmodifiable factors are associated with diabetes control. 7, 8, 10, 36 For example, age and duration of diabetes have been elucidated as factors associated with a patient's glycemic control. 7, 8, 10, 36 In addition, depression has been found to be associated with glycemic control. 37 Moreover, the existing studies of factors associated with glycemic control have also generally examined individual factors rather than comprehensive sets of factors.
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Overall, our findings suggest that nonmodifiable factors could be less relevant compared with other factors associated with glycemic control than prior studies in other populations have suggested. 7, 9, 38 While our study similarly confirms that age is an important factor associated with glycemic control, other clinical and demographic factors that we measured appeared to be less associated with glycemic control than prior research has suggested.
Regardless of explanation, these results suggest that the nature of care that patients receive may be important and potentially modifiable. Moreover, the findings from this study also suggest several patient-centered quality improvement interventions that could be relevant to improving glycemic control, such as optimizing access to glucose self-testing supplies, focusing on insulin adherence and persistence, ensuring access to an endocrinologist, or supporting regular physician's office visits. Any potential differences in exploratory analysis of subgroups by sex could be associated with perceptions of the disease or possible differences in how diabetes is practically managed. 39
Future studies could build on these exploratory findings.
Limitations
These findings should be interpreted in light of several limitations. First, this is an observational study based on administrative claims data, as one of the objectives was to identify factors that may be relevant to health care organizations or payers working with routinely collected population data.
Therefore, not all potential factors for glycemic control could be measured in these data, including additional socioeconomic status variables, such as educational attainment or wealth, or psychosocial factors, such as personality traits or socioemotional skills, which could be associated with appropriate diabetes care. 40 The factors we were able to measure could also be proxies for some of these omitted socioeconomic or psychosocial factors and may be largely nonmodifiable. 41,42 For example, the association observed of visiting an endocrinologist with appropriate glycemic control could be itself associated with educational attainment. 29,31 Regardless, the factors we measured here could be measured by health care plans or other clinical organizations for the design and implementation of interventions in other routinely collected data sources.
In addition, any findings of the association of patient factors with glycemic control cannot be interpreted as causal, only as associations. We also did not have detailed clinical information about patients beyond laboratory results, and diabetes control was measured via HbA 1c tests that were reported to the payer. Insulin persistence and other factors related to treatment use were also measured indirectly in patients. Additionally, these results cannot be fully generalized to other payer systems or patient populations, such as Medicare or Medicaid.
